INTRODUCTION
. Pomological and phytochemical evaluation of different cherry species: mahaleb (Prunus mahaleb L.), wild sweet cherry (Prunus avium L.) and wild sour cherry (Prunus cerasus L.), sweet and sour cherry cultivars. Acta Sci. Pol. Hortorum Cultus, 18(4), 181-191. DOI: 10.24326/asphc.2019.4.17 medicine for diabetes and gastrointestinal problems [Halilova and Ercisli 2010] . Its fruits are small, spherical, flat surface, and juicy. Fruit color turns from yellow to red in early stages of maturation and then turns black with the increase in maturation [Jerkovic et al. 2011 [Jerkovic et al. , Özbey et al. 2011 .
Wild growing sweet cherry (Prunus avium L.) and wild growing sour cherry (Prunus cerasus L.) are mainly used as rootstocks in growing of sweet cherry and sour cherry cultivars. However, they are also important for their fruits as a source of food and especially used for medical purposes for thousands of years. The fruit stalks of wild types are boiled in water to be used as a diuretic or medicine for bladder disorders [Baytop 1984] . The fruits of wild growing sweet cherries vary in shape, size, color and taste and could possess unique nutritious and organoleptic characteristics [Ercisli 2004 ].
For recent decades, health problems have increased rapidly because of various factors, including increasing population, environmental degradation, negative changes in dietary habits and chemical composition of foods. On the other hand, diseases that directly threats human health, such as cancer built a global conscious and search for permanent, but also natural solutions for those health problems have gained great importance [Liu 2003 ]. Accordingly, together with determination of health friendly compounds found in food products by developed analysis methods, the demand for healthy food has increased. Fruits are abundant in those compounds, and especially the antioxidant and antimicrobial effects of phenolic compound ingredients have significant positive effects on health, and are accepted as a good source of antioxidant phytochemicals, which are called as functional foods [Nizamlıoğ-lu and Nas 2010] .
Even though there are some previous studies performed regarding phytochemical profiling of sweet cherry cultivars [Hayaloglu and Demir 2015] , sour cherry cultivars [Wojdyło et al. 2014] , wild cherry [Karlidag et al. 2009 ], and mahaleb [Blando et al. 2016] , relevant studies especially on wild sweet and sour cherries and inter-specific comparative studies are not found enough. In addition, most of previous studies have not included overall fruit quality parameters as well as different aspects of phytochemical evaluations together.
For all those reasons, this study was conducted in order to evaluate variation of fruit quality parameters, including phytochemical composition between different cherry groups and relations between those parameters. For this aim, phytochemical composition and also pomological properties of mahaleb, wild sweet and wild sour cherry, and two sweet and one sour cherry cultivars were determined and the results were compared by different methods. Besides, the plant material included in the study gave the chance to compare the effects of mahaleb and wild sweet cherry as a rootstock on the evaluated parameters.
MATERIAL AND METHODS
The study was conducted in Niğde Province of Turkey in 2015, which was a normal year in terms of climatic conditions for the area. Plant materials of the study consisted of mahaleb cherry, wild sweet cher- 4 'Napoleon' sweet cherry cultivar grafted on wild sweet cherry seedling rootstock 5 'Napoleon' sweet cherry cultivar grafted on mahaleb cherry seedling rootstock 6 'Starks Gold' sweet cherry cultivar grafted on mahaleb cherry seedling rootstock 7
'Kütahya' sour cherry cultivar grafted on wild sour cherry seedling Karaat, F.E., Gündüz, K., Saraçoğlu, O., Yıldırım, H. (2019) . Pomological and phytochemical evaluation of different cherry species: mahaleb (Prunus mahaleb L.), wild sweet cherry (Prunus avium L.) and wild sour cherry (Prunus cerasus L.), sweet and sour cherry cultivars. Acta Sci. Pol. Hortorum Cultus, 18(4), 181-191. DOI: 10.24326/asphc.2019.4.17 ry, and wild sour cherry seedlings grown from seeds, 'Napoleon' and 'Starks Gold' sweet cherry cultivars grafted on mahaleb cherry, 'Napoleon' sweet cherry cultivar grafted on wild sweet cherry and 'Küta-hya' sour cherry cultivar grafted on wild sour cherry. The genotypes were numbered from 1 to 7 as given in Table 1 . The study was conducted according to randomized block design including the plantation and fruit sampling, and samples were collected from each genotype representing fruit samples as required at harvest maturity stage [Güneyli and Onursal 2014] . Pomological and phytochemical properties of collected samples were examined.
In terms of pomological parameters, fruit width, fruit height, fruit weight, stone weight, flesh/stone ratio, fruit skin color indices [L*, a*, b*, chroma (c*), and hue (h°)], total soluble solids (TSS) (%), titratable acidity (TA), TSS/TA, pH, were measured. In terms of phytochemical parameters, total phenolics (TP), trolox equivalent antioxidant capacity (TEAC), total monomeric anthocyanin content (TMAC), citric acid, malic acid, total specific acids, fructose, glucose and inverted sugars, were evaluated.
Fruit width (mm) and height (mm) were measured using digital calipers. Fruit and stone weight (g) were measured by precision scales (0.01 g), and flesh/stone ratio was calculated according to these values. Fruit skin color indices included in this study were: L*, a* and b* which are representing the lightness coefficient L*, ranges from black to white, the color of redness a* ranges from green to red and b* value is yellowness ranges from blue to yellow. Fruit skin color values of these indices were detected by Color Meter (Konica Minolta, CR-400) according to CIELAB objective color indices [McGuire 1992] , and chroma (c*) and hue (h°) values were calculated from these indices. TSS was measured by hand refractometer (0-32% Brix), TA (%) was measured in terms of malic acid according to Haffner and Vestrheim [1997] , and TSS/ TA value, indicating maturity index, which is an important trait for eating quality of fruits, was calculated according to these values.
TP content (mg GAE/kg fruit weight) was measured according to spectrophotometric method described by Singleton and Rossi [1965] using Folin-Ciocalteu reagent. TEAC value (mmol TE/kg fruit weight) was determined according to spectrophotometric method used by Rice-Evans et al. [1996] and modified by Özgen et al. [2006] . TMAC value (mg Pg-3-glk/kg fruit weight) was detected according to pH difference method spectrophotometrically described by Giusti and Wrolstad [2005] . Citric acid (μg/g) and malic acid (μg/g) contents were analyzed according to HPLC method described by Shui and Leong [2002] , and total acids were calculated by addition of these acid contents. Fructose (μg/g) and glucose (μg/g) contents were detected according to HPLC method suggested by Bartolome et al. [1995] , and inverted sugar contents were calculated by addition of these sugar contents.
All analyses were performed in three replicates, except from specific sugars and acids that were analyzed in two replicates. Statistical analyses were performed using SPSS 23.0 for Windows software. Results were evaluated according to Duncan's test (P ≤ 0.05). Correlations between traits were determined according to Pearson's correlation test. Besides, principal component analysis was performed to determine the relationships among traits and genotypes.
RESULTS AND DISCUSSION
Fruits of mahaleb, wild sweet and wild sour cherries together with 'Napoleon' sweet cherry cultivar grafted on wild sweet cherry ('Napolen'/wild sweet) and mahaleb ('Napolen'/mahaleb), 'Starks Gold' sweet cherry cultivar grafted on mahaleb ('Starks Gold'/mahaleb), and 'Kütahya' sour cherry cultivar grafted on wild sour cherry ('Kütahya'/wild sour), were evaluated in terms of pomological and phytochemical traits included in the study. Results of the pomological traits were presented in Table 2 and 3, and results of phytochemical traits were shown in Table 4 and 5.
Pomological traits. As part of pomological evaluations, variation of fruit sizes (width and length), fruit and stone weight, flesh/stone ratio, TSS, TA, TSS/TA and color parameters (L*, a*, b*, c*, h°) between the genotypes, were examined. Significant differences were found between genotypes in all evaluated traits.
In terms of fruit sizes, 'Napoleon'/mahaleb was the only genotype resulted in the highest values in both size parameters. Fruit width of this genotype was found as 22.70 mm and was followed by 'Starks Karaat, F.E., Gündüz, K., Saraçoğlu, O., Yıldırım, H. (2019) . Pomological and phytochemical evaluation of different cherry species: mahaleb (Prunus mahaleb L.), wild sweet cherry (Prunus avium L.) and wild sour cherry (Prunus cerasus L.), sweet and sour cherry cultivars. Acta Sci. Pol. Hortorum Cultus, 18(4), 181-191. DOI: 10.24326/asphc.2019.4.17 Differences between values marked with different letters are significant at P ≤ 0.05 TP -total phenolics, TEAC -trolox equivalent antioxidant capacity, TMAC -total monomeric anthocyanin content Karaat, F.E., Gündüz, K., Saraçoğlu, O., Yıldırım, H. (2019) . Pomological and phytochemical evaluation of different cherry species: mahaleb (Prunus mahaleb L.), wild sweet cherry (Prunus avium L.) and wild sour cherry (Prunus cerasus L.), sweet and sour cherry cultivars. Acta Sci. Pol. Hortorum Cultus, 18(4), 181-191. DOI: 10.24326/asphc.2019.4.17 Gold'/mahaleb (22.03 mm). 'Napoleon'/wild sweet, 'Napoleon'/mahaleb, 'Starks Gold'/mahaleb genotypes resulted with highest fruit length values (21.67, 21.43, and 20.90 mm). 'Kütahya'/wild sour was the only genotype resulted in the highest values in all weight traits. Average fruit weight of this genotype was 6.95 g, which was followed by 'Napoleon'/mahaleb and 'Napoleon'/ wild sweet (6.60 and 6.51 g, respectively). Highest stone weight values were found in 'Kütahya'/wild sour (0.34 g), 'Napoleon'/wild sweet (0.33 g), 'Napoleon'/ mahaleb (0.32 g), and 'Starks Gold'/mahaleb (0.31 g). Flesh/stone ratios of the genotypes were similar except from mahaleb resulted in a lower value (8.97).
The highest TSS content was found in mahaleb (30.17%) and the highest TA value was found in wild sour cherry (2.63%). TSS/TA ratio was highest in 'Starks Gold'/mahaleb (28.10), wild sweet (26.07), and mahaleb (24.87). Similarly, pH values were the highest in mahaleb (4.13), wild sweet (4.03) and 'Starks Gold'/mahaleb (3.87) fruits.
As a yellow skin colored cultivar, 'Starks Gold' gave the highest L* and b* values (72.35 and 34.95, respectively) as expected. Mahaleb was the leading genotype in terms of redness with 31.64 a* value. 'Starks Gold'/mahaleb and mahaleb gave the highest chroma (c*) values (34.97 and 33.70, respectively), while the highest hue (h°) value was obtained from 'Napoleon'/mahaleb (150.15). Karlidag et al. [2009] studied the wild sweet cherry genotypes collected from East Turkey. The blackish wild sweet cherry genotypes included in this study varied between 0.76 and 1.11 g for fruit weight, 20 and 23.98% for TSS, 3.79 and 4.07 for pH, 1.19 and 1.53% for TA. Mratinić et al. [2012] studied the wild sweet cherry genotypes collected from South-East Serbia. In this study, blackish wild sweet cherries were reported with their fruit length between 0.95 and 1.18 cm, fruit width 0.89 and 1.16 cm, fruit weight 0.78 and 1.34 g, stone weight 0.12 and 0.18 g, TSS content 17.95 and 26.15%, and TA 1.57 and 1.98%. Especially fruit sizes of the wild sweet cherry genotypes included in those studies were found to be smaller in fruit sizes and consequently lighter in fruit and stone weight. Hayaloglu and Demir [2015] compared 0900-Ziraat, synonym of 'Napoleon', and 'Starks Gold' sweet cherry cultivars grafted on mahaleb. The researchers found fruit width 25.28 and 24.12 mm, fruit length 22.70 and 20.88 mm, fruit weight 7.39 and 6.26 g, TSS 16.56 and 14.08%, TA 0.79 and 0.75%, TSS/TA 20.94 and 18.58, pH 3.8 and 3.69, and color parameters of L*, a*, b*, c*, h° 63.74, 1.86, 27, 27.13, 86.05 and 27.18, 24.80, 10.17, 26.82, 21 .83 for 'Napoleon' and 'Starks Gold', respectively. Fruits of 'Küta-hya' sour cherry cultivar were investigated by Bolat and Pırlak [1998] . Researchers found the fruit weight 4.24 g, stone weight 0.34 g, fruit length 20 mm, fruit width 18.3 mm, TSS 10.8%, pH 4.60, TA 0.89 g/100 ml. There were some differences found between the results of these studies and our study that were probably caused by growing conditions and crop load.
Phytochemical traits. All evaluated phytochemical traits significantly varied between genotypes and the results were given in Table 4 and 5. Wild sour cherry was the only genotype resulted with the highest TP, TEAC and TMAC values (2750.33 mg GAE/ kg FW, 13.25 mmol TE/kg FW, and 351.00 mg Pg-3--glk/kg FW, respectively) at the same time. Mahaleb *Correlations significant at P ≤ 0.05 **Correlations significant at P ≤ 0.01 TSS -total soluble solids, TA -titratable acidity, TP -total phenolics, TEAC -trolox equivalent antioxidant capacity, TMAC -total monomeric anthocyanin content Karaat, F.E., Gündüz, K., Saraçoğlu, O., Yıldırım, H. (2019) . Pomological and phytochemical evaluation of different cherry species: mahaleb (Prunus mahaleb L.), wild sweet cherry (Prunus avium L.) and wild sour cherry (Prunus cerasus L.), sweet and sour cherry cultivars. Acta Sci. Pol. Hortorum Cultus, 18(4), 181-191. DOI: 10.24326/asphc.2019.4.17 was another leading genotype in terms of TP content (2805.67 mg GAE/kg FW). Results indicated that mahaleb, wild sweet and wild sour cherries were richer than the cultivars in TP contents. On the other hand, significant effects of rootstocks were observed on TP and TMAC contents when results of 'Napoleon'/wild sweet and 'Napoleon'/mahaleb were compared. Results of organic acid analyses proved malic acid as the dominant organic acid in cherry fruits, and the highest malic acid contents were found in wild sour cherry (Tab. 5). Wild sour cherry was the leading genotype both in citric acid and malic acid, and consequently in total acid contents (0.56, 2.96, and 3.52 µg/g, respectively). 'Kütahya'/wild sour did not contain citric acid, and 'Napoleon'/wild sweet was the following lowest citric acid containing genotype (0.05 µg/g). The lowest malic acid amounts were obtained from 'Starks Gold'/mahaleb (0.87 µg/g). Sugar contents were also presented in Table 5 . Mahaleb was the leading genotype both in fructose, glucose, and consequently inverted sugar contents (8.71, 20.74, and 29.45 µg/g, respectively) . 'Kütahya'/wild sour genotype gave the lowest amounts for those parameters (3.98, 6.03, and 10.01 µg/g, respectively). Karlidag et al. [2009] reported that blackish wild sweet cherries varied between 221 and 321 mg GAE/100 g FW for TP, and 69 and 83 mg/100 g FW for total anthocyanin contents. Mratinić et al. [2012] reported that obtained values of blackish wild sweet cherries varied between 8.67 and 16.04% for inverted sugar, 1388 and 1544 mg/l for TP, anthocyanin 0.014 and 0.073 mg/l. TP results of Karlidag et al. [2009] found similar to our results, whereas Mratinić et al. [2012] reported lower results. On the other hand, results on anthocyanin and inverted sugar contents were found different than our results.
Mahaleb fruits from different selections were examined in a study Blando et al. [2016] . In this study, TP varied between 5.45 and 8.97 g GAE/kg FW, TEAC varied between 26 and 45 mmol TE/kg FW, and total anthocyanin varied between 2.60 and 5.50 g/kg FW. Taghizadeh et al. [2015] studied ten mahaleb selections and found TP between 0.66 and 1.99 g GAE/kg FW, and total anthocyanin 67.52 and 260.81 mg cyanidin-3-glucoside (CY) equivalent per g of dry extract. Results of those studies and our results indicated a large variation for TP, TEAC and TMAC of mahaleb genotypes that were reported as higher by Blando et al. [2016] and similar by Taghizadeh et al. [2015] when compared to our results. Hayaloglu and Demir [2015] compared 'Napoleon' and 'Starks Gold' cultivars grafted on mahaleb. The amount of TP was determined as 69.72 and 64.37 mg GAE/100 g FW, and total anthocyanin was found Karaat, F.E., Gündüz, K., Saraçoğlu, O., Yıldırım, H. (2019) . Pomological and phytochemical evaluation of different cherry species: mahaleb (Prunus mahaleb L.), wild sweet cherry (Prunus avium L.) and wild sour cherry (Prunus cerasus L.), sweet and sour cherry cultivars. Acta Sci. Pol. Hortorum Cultus, 18(4), 181-191. DOI: 10.24326/asphc.2019.4.17 Fig. 1. Segregation of cherry genotypes according to pomological (A) and phytochemical (B) characteristics determined by principal component analysis; ∆ = mahaleb; + = wild sweet; × = wild sour; □ = 'Napoleon'/wild sweet; ◊ = 'Napoleon'/ mahaleb; * = 'Starks Gold'/mahaleb; • = 'Kütahya'/wild sour Karaat, F.E., Gündüz, K., Saraçoğlu, O., Yıldırım, H. (2019) . Pomological and phytochemical evaluation of different cherry species: mahaleb (Prunus mahaleb L.), wild sweet cherry (Prunus avium L.) and wild sour cherry (Prunus cerasus L.), sweet and sour cherry cultivars. Acta Sci. Pol. Hortorum Cultus, 18(4), 181-191. DOI: 10.24326/asphc.2019.4.17 as 24.56 and 0.61 mg cyanidin-3-O-rutinoside equivalent (CRE) per 100 g of FW in 'Napoleon' and 'Starks Gold' cultivars, respectively. Malic acid and citric acid contents were reported as 23.61 and 5.11 g/kg FW for 'Napoleon', and 25.06 and 6.17 g/kg FW for 'Starks Gold'. Our TP results were similar in 'Starks Gold' but higher in 'Napoleon'. On the other hand, our results for acids were found to be higher, which could be caused by a variety. Bolat and Pırlak [1998] detected inverted sugar content of 'Kütahya' sour cherry cultivar fruits. Researchers reported inverted sugar contents as 9.24%; a similar result found in our study.
Correlations analysis performed to examine the relationships between the traits and obtained results were given in Table 6 . Fruit size parameters were found negatively correlated with TP, TEAC, citric acid, total acidity and sugars. Fruit and stone weight parameters were negatively correlated with pH, TP, TEAC, citric acid and sugars. TSS was found positively correlated with pH, c*, TP, citric acid and sugars. TA positively correlated with TP, TEAC, TMAC, citric acid, malic acid, and total acidity, whereas negatively correlated with pH and h°. Color parameters of L* and b* negatively correlated with TP, TEAC and TMAC, whereas a* positively correlated with TP and TEAC. Positive correlations between TP, TEAC and TMAC parameters were determined and also these parameters were positively correlated with acids. Citric acid was positively correlated with malic acid and consequently total acidity. Similarly positive correlations were found between fructose and glucose and consequently inverted sugar.
Principal component analysis. Principal component analysis was applied to obtain a more clear visualization of the whole data as previously used for fruit traits and genotypes of cherries [Girard and Kopp, 1998 ]. The analyses were performed for pomological and phytochemical traits separately, and more than seventy and ninety percent of the variability observed on the traits, respectively, were explained by the first two components (PC1-PC2) (Tab. 7). Composing more than 70% of total variance, first two components (PC1 and PC2) were further investigated both for pomological and phytochemical traits. The rest of the components (PC3-PC14 for pomological traits, PC3-PC9 for phytochemical traits) varied to a lesser extent and they were not further considered in this study. Table 7 shows correlations between the original variables and the first two principal components.
Pomological traits of width, length, fruit weight, stone weight, flesh/stone, TSS and pH were mainly represented by PC1, account for 45.07% of the variance, and TA, TSS/TA, L*, a*, b*, c* and h° were mainly represented by PC2, account for 32.58% of the variance. Phytochemical traits of citric acid, malic acid, total acidity, TP, and TEAC were mainly represented by PC1, account for 56.92% of the variance, and fructose, glucose, inverted sugar, and TMAC were mainly represented by PC2, account for 34.25% of the variance.
Component scores of the genotypes subjected to assessment are shown in Figure 1 . Positive values of PC1 were indicated by genotypes with high fruit length, width, weight, stone weight and flesh/stone in pomological analyses. Genotypes 'Napoleon'/wild sweet and 'Napoleon'/mahaleb belong to this group. Positive PC1 values indicated high TEAC, total acidity, TP, and malic acid content in phytochemical analyses, and mahaleb, wild sweet and wild sour cherry located in this group. On the other hand, TSS was indicated by negative PC1 values, and mahaleb, wild sweet and wild sour cherry belonged to this group. The highest PC2 values indicated high pH, L*, b*, c* such as 'Starks Gold'/mahaleb genotype in pomological traits, and high fructose, glucose and inverted sugar content such as mahaleb and wild sweet cherry genotypes in phytochemical traits. Besides, genotypes scored negative PC2 values such as wild sour cherry and 'Kütahya'/wild sour had low a* and TA contents.
CONCLUSIONS
In this study, pomological and phytochemical fruit quality properties of mahaleb, wild sweet and wild sour cherries together with 'Napoleon' (grafted both on mahaleb and wild sweet cherry) and 'Starks Gold' sweet cherry cultivars and 'Kütahya' sour cherry cultivar, were examined. Results indicated a high variability between cherry genotypes included in the study. Especially, the differences observed between cultivars and wild genotypes were higher. Mahaleb fruits were distinguished with their higher TSS and sugar contents, and wild sour cherry fruits were the richest in terms of phytochemical composition. Karaat, F.E., Gündüz, K., Saraçoğlu, O., Yıldırım, H. (2019) . Pomological and phytochemical evaluation of different cherry species: mahaleb (Prunus mahaleb L.), wild sweet cherry (Prunus avium L.) and wild sour cherry (Prunus cerasus L.), sweet and sour cherry cultivars. Acta Sci. Pol. Hortorum Cultus, 18(4), 181-191. DOI: 10.24326/asphc.2019.4.17 When rootstock performances of mahaleb and wild sweet cherry were compared, it was observed that fruit width, TSS, color parameters of a*, b*, c*, h°, and TMAC were significantly affected by rootstocks and most of the values were higher in plants grafted on mahaleb.
Correlation analyses were performed to observe the relationships between the traits and significant correlations were found between several parameters. Especially, the correlations of phytochemical traits with fruit size, weight and color parameters were found notable.
Principal component analysis proved the high variation found in most of the traits evaluated between the genotypes. Results revealed the difference between cultivars and wild genotypes, and especially mahaleb was concluded to have different characteristics in pomological traits, and wild sour cherry was distinguished with higher phytochemical contents.
